Abstract This report describes the effects of feeding linoleate-or oleate-enriched diets to subjects who were concurrently taking 1200 mg/d of a-tocopherol on the susceptibility of low-density lipoprotein (LDL) and buoyant and dense LDL subfractions to oxidation. LDL isolated from subjects who consumed linoleate-enriched diets was more susceptible to copper-mediated oxidation, as measured by formation of conjugated dienes and lipid peroxides and loss of unsaturated fatty acids, compared with LDL isolated from subjects who consumed their usual or oleate-enriched diets. In all subjects, buoyant LDL had a higher content of a-tocopherol per particle and a lower 18:2 to 18:1 ratio and was considerably more resistant to oxidation than dense LDL. Although dense LDL from all groups had comparable a-tocopherol levels, dense LDL from the linoleate group was most susceptible to oxidation, followed by that from the standard diet, whereas T here is evidence that oxidative modification of low-density lipoproteins (LDLs) occurs in vivo 14 and may increase LDL atherogenicity, as recently reviewed. Correspondence to Peter Reaven, MD, Department of Medicine 0682, University of California-San Diego, 9500 Gilman Dr, BSB 1080, La Jolla, CA 92093-0682. dense LDL isolated from the oleate diet group was most resistant. In summary, high dosages of a-tocopherol did not prevent enhanced susceptibility to oxidation of LDL isolated from subjects fed linoleate-enriched diets. Furthermore, dense LDL was more susceptible to oxidation than was buoyant LDL, and this effect was greatly exaggerated in the dense LDL isolated from subjects fed linoleate-enriched diets. Conversely, dense LDL isolated from subjects fed oleate-enriched diets was the most protected. If oxidation of LDL is important in the pathogenesis of atherosclerosis, then these data suggest that in people with increased amounts of small, dense LDL, dietary enrichment in oleic acid may decrease the susceptibility of their LDL to oxidation. (Arteriosder Thromb. 1994; 14:557-566.)
A number of factors can influence the susceptibility of LDL to oxidation. An early step in the oxidation of LDL is peroxidation of polyunsaturated fatty acids. Since linoleic acid (18:2) constitutes nearly 90% of the polyunsaturated fatty acids in LDL, it is the major substrate of LDL oxidation. Diets enriched in linoleate increase the content of linoleic fatty acid in plasma LDL and increase its susceptibility to oxidation. 1619 In contrast, diets enriched in oleate (18:1) and depleted of linoleate generate LDL particles that are more resistant to oxidation. A second important determinant of LDL susceptibility to oxidation is the content of endogenous antioxidants. Esterbauer et al 20 have suggested that after the consumption of antioxidants in LDL, the rapid propagation phase of oxidation commences. 20 Vitamin E, a potent free-radical scavenger and the most abundant antioxidant in LDL, may therefore provide important antioxidant protection to LDL In support of this concept are studies showing that enrichment with vitamin E, both in vitro and in vivo, significantly reduces LDL susceptibility to oxidation.
to determine the effect of diet-induced changes in LDL fatty acid composition, in combination with a-tocopherol supplementation, on the susceptibility of LDL to oxidation. Of particular interest was whether the effects of these interventions were different between buoyant and dense LDL subfractions.
Methods Participants
Eighteen healthy volunteers (9 women and 9 men) aged 22 to 61 years were recruited from the local community. Each subject was given DL-a-tocopherol (Hoffmann-La Roche, Inc) supplementation at 1200 mg/d (approximately 100 times the recommended daily allowance) for at least 3 months before randomization to diet groups. All subjects had been consuming average American diets, and none were taking lipid-lowering medications or other antioxidants. The study was approved by the Human Studies Committee of the University of California, San Diego, and was conducted in the outpatient facilities of the University of California, San Diego, General Clinical Research Center (GCRC).
Study Design
Subjects were randomized either to receive linoleate-(n=6) or oleate-(n=6) enriched diets or to continue with their usual (standard) diets for 6 weeks (n=6). Throughout the study, subjects and investigators remained blinded to the predominant type of fatty acid in the diets. Participants picked up their fully prepared diets on Monday, Wednesday, and Friday of each week. Unused portions of the diet were returned at each visit. Participants were allowed to ingest their daily diet according to their own schedule, although the entire day's allocation was to be ingested by bedtime. Subjects were instructed to refrigerate the perishable foods and the liquid portions of the diet at all times when not in use. Daily dietary records were reviewed weekly by a registered dietitian to ensure adherence and to monitor acceptability.
Diet Preparation
An oleate-enriched variant of sunflower oil (Trisun 80), provided by SVO Enterprises, and conventional sunflower oil (Wesson Sunlite) were incorporated into various foods and liquid formulas. Oleic acid accounts for more than 80% of the total fatty acids in Trisun 80, whereas in Wesson Sunlite approximately 60% of the total fatty acids are linoleic acid. Total a-tocopherol levels in the Trisun 80 oil (0.54 mg/g) and Wesson Sunlite oil (0.51 mg/g) were similar, and carotenoid contents were undetectable. No other antioxidants were measured. Composition of the liquid formulas, which provided approximately 40% to 45% of total calories, was similar to that previously described 16 except that milk protein was replaced with soy protein. Baked foods were prepared by the American Institute of Baking on the basis of recipes formulated by the GCRC Nutrition Unit. Additional foods (tuna, chicken, pasta salad, fruits; granola; etc) and all liquid portions were provided by the GCRC Nutrition Unit Food samples were analyzed for fat composition, and aliquots of liquid diets were analyzed weekly to ensure stability of fatty acid composition (see "Appendix").
On the basis of food preferences, a 7-day cycle of meals was selected from a list of available food items and prepared individually for each subject by the GCRC Nutrition Unit. Initial daily caloric intake for each individual was calculated from estimates of energy requirements based on 3-day food records, activity levels, and estimated basal metabolic rates 30 for each individual. The diets provided approximately 40% of calories as fat, 45% as carbohydrates, and 15% as protein. The prepared diets varied essentially only in the content of linoleic or oleic fatty acids. Total daily energy intake for each individual was adjusted weekly as needed to maintain body weight.
Preparation of LDL
Fasting blood samples were obtained from each subject at baseline and after 4 and 6 weeks of the diet period. Plasma was separated from blood that had been collected in EDTA-(4.0 mmol/L) containing tubes and placed immediately on ice. A final concentration of 0.22 mmol/L gentamicin, 0.15 mmol/L chloramphenicol, 1 /imol/L D-phenylalanyl-L-proh/l-L-arginine chloromethyl ketone, and 2 mmol/L benzamidine was added to all plasma samples. LDL (d=1.019 to 1.063 g/mL) was isolated by sequential ultracentrifugation as previously described 16 and dialyzed extensively against phosphate-buffered saline containing 0.27 mmol/L EDTA (PBS-EDTA).
Plasma was also divided into two equal aliquots and separated into buoyant (d= 1.026 to 1.032 g/mL) and dense (d=1.040 to 1.054 g/mL) fractions by performing two sequential ultracentrifugation spins with each portion as follows. Aliquots were brought to the appropriate density by addition of NaBr and were centrifuged in 6-mL polycarbonate tubes in a Beckman 40.3 fixed-angle rotor at 40 000 rpm for 20 hours at 10°C. Buoyant and dense LDL isolated by this methodology corresponded to LDL subspecies LDL-I and LDL-III, respectively, as previously characterized by Musliner and Krauss. 31 Selection of these density intervals avoids particle overlap, the absence of which was confirmed by measurement of lipoprotein particle diameters by nondenaturing 2% to 16% gradient gel electrophoresis, as previously published. 32 Briefly, electrophoresis of samples was carried out using a Tris (0.90 mol/L)/boric acid (0.08 mol/L) buffer, pH 8.3, containing EDTA (3 mmol/L) at 10°C. Samples were adjusted to 20% sucrose, and 3 to 10 /iL was applied to the gel and run at 20 V for 15 minutes, followed by 70 V for 15 minutes, and finally 125 V for 24 hours. Gels were stained with Coomassie Brilliant Blue and scanned at 555 nm with a Transidyne RFT densitometer. Molecular diameters were determined on the basis of migration distance by comparison with standards of known diameter.
Measurement of LDL conjugated-diene and lipid peroxide formation during copper sulfate (Cu 2+ )-mediated oxidation was carried out immediately after LDL isolation. All other studies were completed within 2 weeks of LDL isolation. Samples were stored at 4°C in the dark until analysis. For all oxidation assays, LDL samples were dialyzed against PBS to remove all EDTA.
Lipoprotein Oxidation
The formation of conjugated dienes was measured at room temperature in incubations containing 100 fig of LDL protein with 5 jtmol/L Cu 2+ in 1 mL PBS. The absorbance at 234 nm (A234) was measured at 10-minute intervals in a Uvikon 810 spectrophotometer as described. 33 Results are expressed as the absolute increase in absorbance or as the time required for initiation of rapid oxidation (lag time). 33 The intra-assay coefficients of variation for these measurements are less than 1%. The formation of lipid peroxides was measured by the iodometric method 34 in separate incubations. For these experiments, LDL was incubated at 100 fig LDL protein per milliliter in PBS at 37°C, and aliquots were removed for lipid-peroxide measurement at 0, 2, 3, and 4 hours after addition of 5 jtmol/L Cu 2+ .
Lipoprotein Vitamin E Content a-Tocopherol was measured by high-performance liquid chromatography according to the method of Arnaud et al. 33 a-Tocopherol acetate was used as an extraction internal standard and for standard-curve preparation. Actual concentrations of otocopherol standards were determined by measuring the absorbance of prepared solutions and calculating the concentrations on the basis of known spectral data. Choi Indicates cholesterol; LDL, low-density lipoprotein; and HDL, high-density lipoprotein.
•Significant difference compared with the baseline value at P<.05.
Lipoprotein and Diet Fatty Acid Compositions
Lipids from LDL and liquid-formula aliquots were extracted by a modification of the method of Folch et al. 37 The fatty acids were transmethylated and analyzed in a Varian model 3700 gas chromatograph equipped with a column of 10% Silar 5CP on a Gas Chrom QII, 100/120 mesh. A 15:0 internal standard (pentadecanoic acid) was added to each sample before extraction, and the content of fatty acid was determined from the peak area ratios of sample to internal standard.
Lipoprotein Lipid and Protein Compositions
Phospholipid phosphorus was analyzed according to the method of Bartlett 38 and expressed as phosphatidylcholine equivalents. Total cholesterol and trigfycerides were measured by standard enzymatic methods on a system 3500 Gilford Computer Directed Analyzer. Unesterified and esterified cholesterol contents were determined by gas-liquid chromatography on a Hewlett-Packard 5830A gas chromatograph. 39 Protein concentrations were determined by the Lowry method that was modified to include sodium dodecyl sulfate. 40 
Statistical Analyses
Comparisons between diet group means were performed by ANOVA; changes within diet groups were compared by Student's paired t tests. Repeated-measures ANOVA was used to compare differences in the formation of lipid peroxides between diet groups. Pearson's correlation coefficients were used to evaluate the associations between measures of oxidation and composition of LDL and LDL subfractions.
Results
Seventeen of 18 participants completed the 6-week diet study without significant problems. One subject from the oleate diet group removed herself from the study for personal reasons. Weekly food records and measurement of unused portions of the diets indicated that compliance was excellent, with greater than 90% of the provided diets being ingested by all participants. The calculated average energy intake (mean±SD) from the total diet was 2685 ±801 kcal/d for the linoleate group and 2513±597 kcal/d for the oleate group, with 56% and 58%, respectively, of energy from solid food sources. As a percent of total energy intake in the linoleate diet group, 9% was monounsaturated fatty acids, 26% was polyunsaturated, and 5% was saturated.
In contrast, in the oleate diet group, 29% of total energy intake was monounsaturated fatty acids, 5% was polyunsaturated, and 6% was saturated. The standard-diet group, which contained several lower-weight subjects, had an average total energy intake of 1804 ±503 kcal/d with 10% as monounsaturated fatty acids, 5% as polyunsaturated, and 12% as saturated.
Mean values for body weight, plasma lipids, and lipoproteins at baseline and at 6 weeks are shown in Table 1 . There were no significant changes in weight or lipid values in the standard-diet group. In the linoleate and oleate diet groups, weight decreased by approximately 3%. Total cholesterol decreased significantly in both study groups; LDL cholesterol decreased by 16.1% in the linoleate group and 13.4% in the oleate group, although only the latter reduction was significant. HDL cholesterol decreased by 7.8% and 4.0% in the linoleate and oleate groups, respectively.
o-Tocopherol and Fatty Acid Composition of LDL
LDL a-tocopherol levels (per milligram of LDL protein) were 2 to 2.5 times higher than those reported for LDL from subjects who did not receive such supplements. 2124 However, the a-tocopherol content in LDL was similar in the three groups throughout the study (Fig 1) .
Before the study subjects began the special diets, there were no significant group differences in the percent distribution of any measured long-chain fatty acids in LDL (Table 2 ). In the standard-diet group, LDL fatty acid content was similar to previously reported values 1617 and did not change during the 6-week period, reflecting the consistency of their diet. In contrast, after 6 weeks of linoleate (18:2) or oleate (18:1) diet enrichment, mean levels of 18:2 and 18:1 increased significantly (P<.001) in the linoleate and oleate diet groups, respectively. Within the oleate diet group, subjects had increases in oleic acid that ranged from 22% to 73% and small reductions in linoleic acid. In the linoleate diet group, all participants had marked reductions in 18:1 and increases in 18:2 that ranged from 14% to 57%. Thus, all 11 subjects who consumed the prepared diets had substantial changes in their LDL fatty acid content that reflected the changes in the composition of their diet. The extent of these changes in LDL fatty acid composition was very similar to those obtained in our previous studies. 16 -
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Effects of Diet on Parameters of LDL Susceptibility to Oxidation
The rate and extent of conjugated-diene formation was measured for each individual LDL sample (d= 1.019 to 1.063 g/mL) at room temperature in the presence of 5 /imol/L Cu 2+ (Fig 2) . At baseline, there were no differences in lag times of LDL oxidation among the three study groups. However, after 4 and 6 weeks, lag time values in the linoleate diet group were less than those in the other two groups and by 6 weeks had decreased significantly compared with baseline.
On completion of the study, there was a significant correlation between lag time and preoxidation levels of LDL o-tocopherol (r=.59, P<.05) and the LDL 18:2 to 18:1 ratio (r=-.58, ,P=.O5) for all subjects.
The time course of LDL lipid-peroxide formation as measured by the iodometric method during Cu 2+ -mediated oxidation is shown in Fig 3. The rate and extent of lipid-peroxide formation varied substantially between individuals and from assay to assay (note the large standard deviations and the differences in peak lipid- peroxide values). However, despite this variation, mean levels of lipid peroxides after 4 and 6 weeks of dietary supplementation were consistently higher in the linoleate diet group at each time point, with differences achieving statistical significance at the 4-week interval (panels B and C).
Effects of Oxidation on LDL Fatty Acid Composition
At the end of the study, determinations of fatty acids were performed on all LDL samples from each dietary group before and after 16 hours of Cu 2+ -mediated oxidation (Fig 4) . Values are presented as a percentage of the preoxidation amounts rather than absolute units because of differences in the initial amounts of fatty acids within LDL from the three groups. In response to oxidation, marked decreases in the LDL content of 18:2 and 20:4 occurred in all diet groups, but a significantly greater percent loss of unsaturated fatty acids occurred in the LDL from the linoleate diet group (8% decrease in 18:l,/ > =.07; 75% decrease in 18:2,P=.O6; and a 95% decrease in 20:4, P=.O5) compared with the other diet groups. The absolute fatty acid loss due to oxidation was also significantly greater in the linoleate diet group •Significant differences compared with the standard-group final value at P<.05. tSfgnificant differences compared with the standard-group final value at P<.001. (P<.05), whereas there was no difference in fatty acid loss between the oleate and standard-diet groups.
Composition of LDL Subtractions
To allow an overall comparison between buoyant and dense subtractions, compositional data from all diet groups were combined (Table 3 ). There were significantly greater amounts of dense LDL in plasma compared with buoyant LDL. Trigh/ceride, free cholesterol, phospholipid, and total lipid contents (as a percent of total LDL mass) were significantly less in the dense fraction, whereas cholesteryl ester and protein were higher. These values for the buoyant and dense LDL fractions are consistent with those previously reported. polyunsaturated fatty acid content was similar in buoyant and dense LDL. The composition of dense LDL subtractions from each diet group are shown in Table 4 . There were no notable differences in lipid or vitamin E content in the three diet groups. However, the total pofyunsaturated fatty acid per LDL particle was higher and the a-tocopherol to polyunsaturated fatty acid ratio significantly lower in the dense LDL of the linoleate group. A similar pattern was seen in the buoyant LDL subtractions from each diet group (Table 5) .
Effect of Diets on LDL Subtraction Fatty Acid Composition
The fatty acid composition of buoyant and dense LDL is shown in Fig 5. As in unfractionated LDL, 18:2 is significantly higher and 18:1 significantly lower in both subtractions from the linoleate group and 18:1 is increased in both subtractions from the oleate diet Table 3 ). The ratios of 18:2 to 18:1 in dense and buoyant LDL were 4.3-and 4.0-fold higher, respectively, in the linoleate diet group compared with the oleate diet group (Tables 4 and 5 ).
Effects on LDL Subtraction Susceptibility to Oxidation
Conjugated-diene formation in buoyant and dense LDL during Cu 2+ -mediated oxidation is shown in Fig 6 . In panel A, data from all three diet groups are combined to provide a better illustration of differences in oxidation between subfractions. Buoyant LDL was relatively resistant to oxidation over the 6-hour incubation period, whereas dense LDL was extensively oxidized during this time. Dense LDL fractions from the linoleate group generated greater absolute levels of conjugated dienes and exhibited a shorter lag time than did samples from both the oleate and standard-diet groups (Fig 6B) . The rate and extent of conjugated-diene formation from the oleate group were markedly reduced compared with the other diet groups.
The conjugated-diene lag time of dense LDL from all groups was positively correlated with LDL a-tocopherol content (r=.67, P=.05) and a-tocopherol to total polyunsaturated fatty acid ratio (r=.76, P=.01) and negatively with the 18:2 to 18:1 ratio (r=-.54, P=.O8). 
Discussion
Our study was designed to answer three questions: (1) Does the enrichment of LDL in both a-tocopherol and oleate lead to a greater degree of protection against in vitro oxidation than does a-tocopherol supplementation alone? (2) Does enrichment of LDL in linoleate increase LDL susceptibility to oxidation despite concurrent supplementation with o-tocopherol? (3) Do the effects of diet and a-tocopherol supplementation differ among LDL density subtractions? Considering first the effect of these interventions on unfractionated LDL, several points are demonstrated. LDL enriched in both a-tocopherol and oleic acid was not more resistant to oxidation than LDL enriched in a-tocopherol alone. This suggests that for a-tocopherol-enriched LDL, there is no additional benefit (as measured by our in vitro assays of oxidation) of enrichment with oleic acid. However, it is possible that in subjects who take lower doses of a-tocopherol, diets enriched in oleic acids may still further reduce the susceptibility of LDL to oxidation.
In contrast, LDL isolated from the linoleate diet group was oxidized more rapidly and had more extensive fatty acid decomposition despite a similarly high content of a-tocopherol. Thus, by providing LDL with more substrate for oxidation, a diet sufficiently enriched in linoleic fatty acids can overcome the antioxidant effects of high dosages of a-tocopherol. It also follows that at lower levels of a-tocopherol supplementation, a diet enriched in polyunsaturated fatty acids may increase the susceptibility of LDL to oxidation even more.
Buoyant LDLs (from all diet groups) were markedly resistant to oxidation, and there was no evidence of an accelerated oxidation phase (propagation) during the 6 hours of monitored conjugated-diene formation. This did not appear to be due to prior oxidation, because the baseline optical density values were similar to those of dense LDL. Furthermore, exposure of buoyant LDL to more harsh oxidizing conditions did lead to oxidation (data not shown). In contrast, oxidation of dense LDL occurred within the 6-hour measurement period for samples from all diet groups. Although the basis of these differences in rates of oxidation between buoyant and dense LDL is not clear, there are several striking differences in composition between the two fractions. The average content of a-tocopherol per dense LDL particle was less than half that in buoyant LDL, and the 18:2 to 18:1 ratio was significantly higher. Both factors correlated well with the rate and extent of dense LDL conjugated-diene formation. Although differences between LDL subtractions in the content of vitamin E per particle have been noted before, 26 
"
28 the presence of similar vitamin E to lipid ratios in these LDL fractions has led some investigators to minimize the importance of the reduced absolute content of vitamin E. However, the absolute content of vitamin E per LDL particle may be relevant in determining lipoprotein susceptibility to oxidation, because there may be a threshold level of vitamin E particles necessary to substantially retard LDL oxidation. 41 It is also possible that there were differences between LDL subtractions that we did not measure, such as the content of carbohydrate side chains 42 or other antioxidants that may account for differences in the susceptibility of buoyant and dense LDL to oxidation. In particular, because the standard group maintained their usual diets, their LDL subtractions may have varied from those of the linoleate and oleate diet groups in constituents other than fatty acids. Variations in oxidation rates of LDL subfractions have also been previously attributed to differences in protein or free cholesterol contents, 26 ' 27 although this was not evident in our study, possibly as a result of our manipulations of the participants' diets and a-tocopherol intake.
Particularly striking were the differences in the rate and extent of oxidation of dense LDL among the three diet groups. Most susceptible to oxidation was linoleateenriched dense LDL, followed by dense LDL from the standard-diet group, whereas dense LDL from the oleate diet group was least susceptible. Although dense LDL from all diet groups had comparable a-tocopherol levels, the content of 18:1 and 18:2 differed markedly, as did the a-tocopherol to 18:2 and a-tocopherol to 18:1 ratios. The a-tocopherol to 18:2 ratio was lowest in the linoleate diet group and highest in the oleate diet group, and this ratio accounted for nearly 65% of the variance (r 2 =.64) in maximal conjugated-diene formation that occurred in all dense LDL samples. Although other factors not measured in this study may contribute to LDL susceptibility to oxidation, these results indicate that the contents of linoleic and oleic acids in dense LDL are important determinants of its oxidation.
Several results from this study deserve further comment. In subjects who take a high dose of a-tocopherol, diet enrichment with linoleic or oleic fatty acid only modestly influences oxidation of unfractionated LDL {d= 1.019 to 1.063 g/mL). In contrast, diet enrichment with these fatty acids reduces the susceptibility of dense LDL to oxidation. This suggests that buoyant LDL particles and intermediate-density LDL particles {d= 1.032 to 1.040 g/mL, which were not isolated in this study) in the incubation mixture may influence measurement of the rate and extent of formation of conjugated dienes in smaller, more dense LDL. Our findings may simply reflect the fact that in our subjects a large portion of the plasma LDL was relatively more buoyant, and hence the oxidation of dense LDL particles was overshadowed. This result is consistent with that of a previous study, in which we found that the rate of oxidation of unfractionated LDL was correlated with the diameter of the predominant LDL subclass. 27 The results of this study have important implications. Several epidemiological studies have shown LDL of greater density to be associated with an increased risk for coronary artery disease. Austin et al 43 demonstrated that for men and women there was overall a threefold higher risk for coronary artery disease in those with increased amounts of dense LDL. In a study of Framingham subjects, individuals with coronary artery disease had a predominance of dense LDL in their plasma compared with control subjects. 44 Similar findings were reported in a study by Crouse et al. 45 Greater uptake by artery wall macrophages of dense LDL as a result of enhanced susceptibility to oxidation is one potential explanation for these findings, 26 -29 although both in vitro and animal studies have suggested additional mechanisms. Stender and Zilversmit 46 and Nordestgaard and Zilversmit 47 have demonstrated that entry of lipoproteins into the artery wall is size dependent, with smaller particles, such as dense LDL, gaining entry more readily. Additionally, the sialic acid content of lipoproteins may influence their interactions with artery wall proteoglycans, 48 with reduced siliac acid content being associated with increased avidity of proteoglycan binding. Small, dense LDL has less total carbohydrate and a lower siliac acid content than larger LDL particles. 42 These properties are probably important, because oxidation of dense LDL is unlikely to occur in plasma because of abundant plasma antioxidants. On the other hand, if dense LDL enters the arterial wall more readily and/or is retained preferentially within the intima, 4849 the ease of oxidation of dense LDL may be critically relevant. For these reasons, therapies directed toward reducing LDL oxidation should focus on dense LDL in particular. The current results suggest that diets enriched in monounsaturated fatty acids alone or in combination with antioxidants such as vitamin E may be a particularly safe and effective method of achieving this goal.
Previous diet studies have in general used specially prepared liquid diets to alter the LDL fatty acid composition. 1619 While these studies have helped demonstrate the feasibility of altering LDL susceptibility to oxidation through dietary manipulations, the specific diets are not practical for general use. The current study demonstrates that standard baked goods and other food items can be sufficiently enriched in oleate to create a more practical, palatable diet that will effectively increase the 18:1 content of LDL. The amount of total calories per day that must be replaced by monounsaturated fatty acids to reduce LDL susceptibility to oxidation may be less than previously thought. Abbey et al 19 have recently shown that diets with less than 20% of total daily calories enriched in monounsaturated fatty acids or polyunsaturated fatty acids may influence LDL susceptibility to oxidation. With the marked effect that linoleate-or oleate-enriched diets appear to have on the oxidation of dense LDL, it is conceivable that even more modest changes in dietary fatty acids will influence atherogenesis.
In summary, whereas diet-induced differences in susceptibility of unfractionated LDL (representing a mixture of buoyant, intermediate, and dense LDL) to oxidation were small when large supplements of vitamin E were given concurrently, the effect on the susceptibility of dense LDL to oxidation was substantial. Interventions designed to reduce lipoprotein oxidation should also assess differences in efficacy between LDL subtractions. a-Tocopherol supplementation alone, even at 
